The aim of the present study was to evaluate the preventive effects of banana peel polyphenols (BPPs) against hepatic injury. Mice were divide into normal, control, 100 mg/kg and 200 mg/kg banana peel polyphenol and silymarin groups. All the mice except normal mice were induced with hepatic damage using CCl 4 . The serum and tissue levels of mice were determined by a kit and the tissues were further examined by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and western blot analysis. BPPs reduced the serum levels of aspartate aminotransferase, alanine aminotransferase and lactate dehydrogenase in a CCl 4 -induced mouse model of hepatic injury. Furthermore, BPPs reduced the levels of malondialdehyde and triglyceride, while increasing glutathione levels in the serum and liver tissues of mice. In addition, the effects of 200 mg/kg treatment were more evident, and these effects were comparable to those of the drug silymarin. Serum levels of the cytokines, interleukin (IL)-6, IL-12, tumor necrosis factor (TNF)-α and interferon-γ, were reduced in the mice treated with BPPs compared with injury control group mice, and these levels were comparable to those of the normal and silymarin-treated groups. Histopathological examination indicated that BPPs were able to reduce the extent of CCl 4 -induced liver tissue injury and protect the liver cells. Furthermore, the mRNA and protein expression levels of the inflammation-associated factors cyclooxygenase-2, nitric oxide synthase, TNF-α and IL-1β were reduced in mice treated with BPPs compared with the control group mice. Mice that received 200 mg/kg BPP exhibited reduced expression levels of these factors compared with mice that received 100 mg/kg BPP. In conclusion, the results of the present study suggested that BPPs exert a good preventive effect against hepatic injury.
Introduction
Banana peel has been widely used in traditional Chinese medicine for the treatment of inflammation of the oral cavity and to promote bowel movements (1) . Furthermore, as banana peel contains large amounts of vitamins and minerals, it may be used to produce cosmetics as industrial products. In addition to vitamins and minerals, banana peel contains a certain quantity of polyphenols (2) . Polyphenols, which are also present in tea and pomegranate, have been demonstrated to protect the liver against alcohol-associated damages (3) . Polyphenols exert a marked antioxidative effect, and the most evident manifestation of liver damage is oxidative damage of liver cells (4) . As a result, polyphenols may be able to protect liver cells against oxidative damage and promote the repair of oxidatively-damaged cells, in order to maintain health (5) . Polyphenols present in banana peel may function in a similar manner.
Oxidative stress and inflammation may result in liver disease, cardiovascular disease and cancer (6) . CCl 4 produces reactive-free radicals if metabolized, and thus had been used to induce hepatic damage in animal models (7) . Furthermore, CCl 4 is able to increase lipid peroxidation on the cell membrane and alter enzyme activity, thereby inducing hepatic injury and necrosis (8) .
In the present study, the preventive activity of banana peel polyphenols (BPPs) on CCl 4 -induced experimental hepatic damage was determined. Serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), malondialdehyde (MDA), glutathione (GSH) and triglyceride (TG) were evaluated, and in addition tissue levels of MDA, GSH and TG were determined. Cytokine levels of interleukin (IL)-6, IL-12, tumor necrosis factor (TNF)-α and interferon (IFN)-γ in the serum were also measured. In addition, liver tissue was subjected to histological examination and the expression levels of inflammation-associated genes were determined in Kunming mice.
Materials and methods
Preparation of BPPs. Bananas were purchased from a local market (Chongqing, China), and were native to Hainan, China. The banana pulp was removed and the peel was washed and stored at 20˚C. Subsequently, 1 kg banana peel was blanched at 95˚C for 3 min to remove the polyphenol oxidase. The banana peel was incubated in 40% ethanol solution (5 liters), and then ultrasonic-assisted extraction (Ultrasonic extractor, THC 300, Jining Tianhua Ultrasonic Electronic Instrument Co. Ltd., Shandong, China) was performed at 50˚C for 1 h. The extract was passed through an AB-8 macroporous resin (Donghong Chemical Co., Ltd., Zhongshan, Guangdong, China) and the BPPs were adsorbed. The adsorbed BPPs were washed with 80% ethanol solution, and the eluent was evaporated and concentrated using an N-1100 rotary evaporator (Eyela; Tokyo Rikakikai Co., Ltd., Tokyo, Japan) (9) .
Inducing hepatic injury. Male ICR mice (n=50; age, 7 weeks) were purchased from the Experimental Animal Center of Chongqing University of Education (Chongqing, China). The mice were allocated at random into five groups (n=10 mice per group): Normal; control; 100 mg/kg banana peel polyphenol; 200 mg/kg banana peel polyphenol; and silymarin (Shanghai Yuanye Bio Technology Co., Ltd., Shanghai, China) groups. The normal and control group mice were administered 0.2 ml physiological saline everyday for 14 days. The two banana peel polyphenol group mice received 100 or 200 mg/kg banana peel polyphenol solution in 0.2 ml doses by oral gavage for 14 days. Silymarin was used for drug control (10), at a concentration of 100 mg/kg, and the mice were administered 0.2 ml silymarin solution for 14 days. At day 14, the control, 100 and 200 mg/kg banana peel polyphenol and silymarin group mice received abdominal subcutaneous injections of CCl 4 solution (0.2 ml/kg dissolved in olive oil, 1:1 v/v) to induce hepatic damage. After 24 h, the mice were sacrificed using CO 2 . Blood and liver tissues were collected and preserved at -70˚C until required for the biological assays. Experimental protocols were approved by the Animal Ethics Committee of Chongqing University of Education (11) .
Levels of AST, ALT, LDH, MDA, GSH and TG. The blood of the mice was centrifugalized at 1,795 x g for 10 min. After centrifugation, the serum supernatant was collected, the serum (0.1 ml) and kit reagents were mixed and then the levels determined according to the instructions described in the kits at 532 nm using a UV-2600 spectrophotometer (Shimadzu, Tokyo, Japan). A total of 0.1 g mice tissues were added into 0.5 ml sucrose buffer (0.25 mol/l sucrose, 10 mmol/l HEPES, 1 mmol/l EDTA at pH 7.4) and then this mixture was homogenized by a High speed tissue homogenate machine (T10, IKA, Staufenim Breisgau, Germany). The homogenized tissues were centrifuged at 1,795 x g, 10 min, the supernatant fluid was collected and was determined as the serum test method.
Serum levels of AST, ALT, LDH, MDA, GSH and TG were determined using AST (no. C010), ALT (no. C009), LDH (no. A020), MDA (no. A003), reduced GSH (no. A006) and TG (no. F001) assay kits, respectively (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). In addition, the tissue levels of MDA, GSH and TG were determined using the kits from Nanjing Jiancheng Bioengineering Institute.
Serum cytokine levels determined using an enzyme-linked immunosorbent assay (ELISA). Mouse blood from the inferior vena cava was collected in a tube and centrifuged at 1,795 x g for 10 min at 4˚C. The serum (0.1 ml) and kit reagents were mixed and the concentrations of the proinflammatory-associated cytokines, IL-6, IL-12, TNF-α and IFN-γ, were determined using ELISA, according to the manufacturer's instructions (BioLegend ELISA MAX™ Deluxe kit; BioLegend, San Diego, CA, USA) (11) and using a UV-2600 spectrophotometer at a wavelength of 450 nm (Shimadzu, Tokyo, Japan).
Histological examination of hematoxylin and eosin (H&E) stained sections. The liver tissues of mice were collected and washed. Then the liver tissues were fixed in 10% (v/v) buffered formalin for 24 h and they were score cut and embedded into paraffin. The paraffin was cut 4-µm thick and stained by a H&E kit (Beijing Nobleryder Technology Co., Ltd., Biejing, China). The stained sections were then observed by a microscope (BX41, Olympus, Tokyo, Japan) (12) .
Western blot analysis of protein expression levels in liver tissue.
Total protein was obtained from the mice liver tissue samples using a radioimmunoprecipitation assay buffer as previously described (12) . Protein concentrations were determined using the RC DC protein assay kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Nitrocellulose membranes (Schleicher and Schuell BioScience, Inc., Keene, NH, USA) were then subjected to immunoblot analysis and proteins were visualized using an enhanced chemiluminescence (ECL) method (GE Healthcare Life Sciences) (7) . Liver tissue cell lysates were separated using 12% SDS-PAGE, transferred onto a polyvinylidene fluoride membrane (GE Healthcare Life Sciences), blocked with 5% skimmed milk and hybridized with primary antibodies (dilution, 1:1,000). The following primary antibodies were obtained from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA): monoclonal mouse anti-human cyclooxygenase-2 (COX-2; cat. no. sc-514489), monoclonal mouse anti-human nitric oxide synthase (iNOS; cat. no. sc-7271), monoclonal mouse anti-human TNF-α (cat. no. sc-48418) and monoclonal mouse anti-human IL-1β (cat. no. sc-52013). The membranes were incubated with horseradish peroxidase-conjugated secondary antibodies (Santa Cruz Biotechnology, Inc.) for 1 h at room temperature. Blots were washed three times with phosphate-buffered saline with Tween-20 and developed using an ECL reagent (Amersham Life Science, Arlington Heights, IL, USA), and the protein expressions were also quantitative analyzed using ImageJ software (version 1.44).
Statistical analysis. Data are presented as the mean ± standard deviation. Differences between the mean values for individual groups were assessed using one-way analysis of variance with Duncan's multiple range test. P<0.05 was considered to indicate a statistically significant difference. SAS software, version 9.1 (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses.
Results
Serum levels of AST, ALT and LDH. The levels of AST, ALT and LDH in the serum of the normal group mice were reduced compared with the other groups (Table II) . Control group mice were subjected to hepatic injury but received no further treatment, and thus exhibited markedly increased serum levels of AST, ALT and LDH. Treatment with silymarin (100 mg/kg) appeared to significantly (P<0.05) reduce the serum levels of these proteins compared with the control mice, as the serum levels of AST, ALT and LDH in the silymarin-treated mice were the most comparable to the normal group mice. Treatment with BPPs appeared to induce a statistically significant reduction in the serum levels of AST, ALT and LDH compared with the control group mice (P<0.05). These levels were increased in the 100 mg/kg banana peel polyphenol group mice compared with the normal and silymarin group mice, but reduced compared with control mice. Furthermore, the 200 mg/kg BPP group mice exhibited lower levels of AST, ALT and LDH compared with the 100 mg/kg dose group. In addition, the AST/ALT ratio was used as a key index of hepatic injury. The high AST/ALT ratio meant severe hepatic injury (13) . The AST/ALT ratio in the normal group mice was ~1, and the control mice had the highest ratio. The 100 and 200 mg/kg BPP and silymarin groups (1.55, 1.23 and 1.18, respectively) had reduced ratios compared with the control mice, but remained >1. Therefore, the results of the present study indicated that BPPs are able to significantly reduce the levels of a number of key markers of hepatic injury, and these effects were comparable to those of the drug of silymarin.
MDA, GSH and TG levels in serum and liver tissues. The MDA, GSH and TG levels in the serum and liver tissues of the mice were determined using a variety of testing kits. The MDA and TG levels in the serum and liver tissues significantly decreased (P<0.05) as a result of the CCl 4 -induced hepatic injury. Control mice exhibited the highest levels of MDA and TG, while the banana peel polyphenol and silymarin groups exhibited reduced levels of these analytes (P<0.05). The levels of MDA and TG in the 200 mg/kg banana peel polyphenol and silymarin group mice were comparable to those in the normal group mice (Tables III  and IV; P<0.05). However, the differences (P<0.05) between groups in GSH levels followed a different trend from that of MDA and TG. The control mice exhibited the lowest levels of GSH, while the BPPs and silymarin group mice expressed increased levels of GSH compared with the control group (P<0.05). However, no statistically significant difference was identified in the levels of GSH between the 200 mg/kg BPP and silymarin group mice (P>0.05), and these levels were moderately reduced compared with the normal group mice (P<0.05).
Serum cytokine levels. IL-6, IL-12, TNF-α and IFN-γ are proinflammatory cytokines. The control group mice exhibited the highest cytokine levels (P<0.05), while normal group mice had the lowest cytokine levels (Table V) . BPPs and silymarin group mice presented with significantly decreased cytokine levels (P<0.05) compared with the control group mice. The levels of IL-6, IL-12 and TNF-α in the 200 mg/kg BPP group mice were moderately increased compared with the silymarin group mice; however, no statistically significant difference was detected in IFN-γ levels between the 200 mg/kg BPP and silymarin group mice (P<0.05).
Histopathological examination of liver tissues. Observation of the H&E-stained sections revealed that the structure of hepatic lobules in the tissues of the normal group mice was complete with a clear boundary (Fig. 1) . Normal group liver cells exhibited funicular radiation, central veins showed no expansion, and the size of liver cells was normal. Control group liver cells exhibited widespread CCl 4 -induced liver cell necrosis and tissue damage, including collapse of the hepatic lobule mesh stent and a disorderly tissue structure. In the 100 mg/kg BPP group, the hepatic lobules were damaged and the central areas were partially necrotic; however, these necrotic regions were reduced in size compared with those observed in the control group mice. The 200 mg/kg BPP group exhibited a markedly reduced degree of liver damage, with complete hepatic lobules and no necrosis in the central region of the liver. The condition of the silymarin group livers was comparable to that of the 200 mg/kg BPP group, with no large areas of necrosis, and complete and normal liver tissue structure.
Inflammation-associated gene expression in the liver tissues.
The mRNA and protein expression levels of COX-2, iNOS, TNF-α and IL-1β in mice liver tissues were determined using RT-qPCR and western blot assays (Figs. 2 and 3) . The liver tissue mRNA levels of COX-2 (0.49-fold of control), iNOS (0.35-fold), TNF-α (0.23-fold) and IL-1β (0.21-fold) in the normal group mice were at reduced levels compared with the control group, as the CCl 4 -induced hepatic injury caused these expression levels to increase in the control group mice. The protein expression levels of COX-2 (0.15-fold of control), iNOS (0.31-fold), TNF-α (0.43-fold) and IL-1β (0.45-fold) in liver tissues were also reduced compared with the control. Banana peel polyphenol treatment significantly reduced the expression levels of these factors compared with those of the control mice (P<0.05). The mRNA expression levels of COX-2, iNOS, TNF-α and IL-1β in the silymarin group mice (0.68-, 0.69-, 0.42-and 0.39-fold of control levels, respectively) were comparable to those in the 200 mg/kg BPP group mice (0.92-, 0.82-, 0.46-and 0.53-fold of control levels, respectively), and lower compared with those of the 100 mg/kg BPP group mice (1.02-, 0.97-, 0.67-and 0.68-fold of control levels, respectively). However, the 200 mg/kg BPP group mice also showed reduced protein expression levels of TNF-α (0.74-fold of control) and IL-1β (0.69-fold of control) compared with the 100 mg/kg BPP group and control mice, however, the expression of COX-2 (1.20-fold of control) and iNOS (1.10-fold of control) in the 200 mg/kg BPP group mice was not significantly reduced compared with the control group mice (P<0.05).
Discussion
ALT and AST are primarily expressed in liver cells, and liver cell necrosis will elevate the content of ALT and AST. This elevation is consistent with the degree of liver cell damage, and is thus the most commonly-used indicator of liver function (14) .
The distribution of the two enzymes in liver cells differs: ALT is predominantly distributed in the cytoplasm, while AST is located in the cytoplasm and the mitochondria (15) . In liver function examinations, ALT levels indicate liver cell damage and AST is a marker of liver cell necrosis; thus, the two enzymes are accurate indicators of liver cirrhosis, fibrosis and cancer (16) . The elevation of ALT and AST expression levels and the AST/ALT ratio may differ between patients with various different types of hepatitis. In cases of mild hepatitis, although liver cells may be damaged, the mitochondria in the liver cells remain intact. As a result, only the ALT from the cytoplasm of liver cells is released into the blood, so liver function examinations indicate elevated levels of ALT and an AST/ALT ratio of <1. However, in cases of fulminant hepatitis and severe liver damage, including cirrhosis and liver cancer, mitochondria in liver cells may be severely damaged (17) . As a result, AST is released from the mitochondria and cytoplasm and AST levels are evidently increased, resulting in an AST/ALT ratio of >1 (18) . LDH, a glycolytic enzyme, is a key analyte in liver function examinations, which indicates the degree of liver damage. If the liver is damaged, the activity of LDH is expected to increase significantly (19) . CCl 4 is generated through hepatic P-450 enzyme metabolism. CCl 4 is able to induce lipid peroxidation of the liver cell membrane, which is a crucial factor in liver cell damage (20) . MDA is a key index of lipid peroxidation. By detecting the activity of MDA, lipid peroxidation of liver tissues may be detected, indicating the influence of CCl 4 on liver health (21) . GSH is a crucial antioxidant and free radical scavenger, which is able to combine with free radicals and heavy metals to transform harmful toxins into harmless substances for excretion (22) . Furthermore, GSH combines with harmful substances produced by CCl 4 in the liver and reduces liver damage in order to protect the liver. Previous studies have indicated that GSH may be used to detect the liver damage caused by CCl 4 (23, 24) . Elevation of TG levels indicated higher fatty acid content, while in a clinical context very high levels of TG are usually associated with liver disease (25) . Experimental results have indicated that liver damage induced by CCl 4 may result in increased levels of MDA and TG and reduced levels of GSH (26, 27) . In the present study, BPPs appeared to mitigate these changes, reducing MDA and TG levels, and elevating GSH levels.
Cytokines are a class of micromolecule polypeptide secreted by various cells, which are able to regulate cell growth and differentiation, immune function, inflammation and wound healing (28) . Confirmed proinflammatory cytokines include TNF-α, IL-1β and IL-6, which serve key functions in the pathogenesis and development of biological damage (29) .
As key inflammatory mediators, cytokines such as IL-6 and TNF-α are crucially involved in the inflammatory response. Under pathological conditions, the serum levels of TNF-α and IL-6 may increase, resulting in the release of marked quantities of various inflammatory factors, which may in turn lead to inflammation and damages of liver tissue (30) . IL-6 may induce increased levels of INF-γ, the primary function of which is to activate non-specific effector cells and mediate the cellular immune process (31) . Under laboratory and clinical conditions, the levels of TNF-α, IL-1β, IL-6 and INF-γ may be used as markers of the degree of liver damage. The higher the levels of these markers, the faster the liver cell injury will be and the more severe the resulting liver injury. COX-2 is an inducible enzyme that is expressed more markedly in liver cells that are stimulated to exhibit inflammation. The expression of COX-2 increases significantly in liver tissue that has undergone various types of damage, so COX-2 has been regarded as a therapeutic target for the treatment of liver damage (32) . In a number of previous studies, the expression levels of iNOS and COX-2 were found to be comparable and positively correlated, and thus the expression of iNOS is increased in liver tissue that exhibits lesions (33) (34) (35) .
In the present study, BPPs appeared to significantly reduce the serum levels of AST, ALT and LDH in a CCl 4 -induced mouse model of hepatic damage. Furthermore, BPPs were able to regulate proinflammatory cytokine levels, resulting in the CCl 4 -induced alterations in serum cytokine levels being comparable to those of normal mice. By detecting liver tissues, it was observed that BPPs were able to reduce liver damage. By evaluating the levels of MDA, GSH and TG in the mouse serum and tissues, BPPs were found to reduce the CCl 4 -induced lipid peroxidation of the liver by increasing the levels of GSH and reducing the levels of MDA and TG. Furthermore, molecular experiments demonstrated that BPPs were able to reduce the mRNA and protein expression levels of COX-2, iNOS, TNF-α and IL-1β in the hepatic injury model mice, thus mitigating liver damage. Thus, BPPs may serve a preventive role in hepatic injury by reducing the expression levels of COX-2, iNOS, TNF-α and IL-1β. In addition, the examination of H&E liver tissue sections indicated that BPPs were able to reduce the manifestations of liver injury.
In conclusion, the results of the present study suggest that BPPs are able to significantly improve a number of the symptoms of CCl 4 -induced liver damage in mice, and that the effect is more marked with an increased treatment dose. In future, banana peel could be used in waste utilization or may be used as medicine or a functional compound.
